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预处理条件，完成了•OH 和 ClO2处理高藻水的中试对比实验，取得的主要成果有： 
(1) 结合传统饮用水处理工艺，采用强电场电离放电制备•OH，完成混凝沉淀 →  







浊度降至 3.0 NTU 左右，DOC 降低 30.0%左右。 
(3) 以厦门市莲坂水厂各工艺段出水为研究对象，将•OH 溶液分别注入至原水、混
凝沉淀出水和砂滤出水当中，考察不同水质条件下羟基溶液的最佳投加剂量。结果表明：
在水源水藻浓度高达 25.3×104 cells/mL 的情况下，•OH 可在 4.5 s 内高效杀灭水中的藻
类，对原水、混凝沉淀出水和砂滤出水的最佳处理浓度分别为 1.8、0.6 和 0.2 mg/L，致
死率接近 100%；经•OH 处理后，水中总有机碳(TOC)和耗氧量(CODMn)均有明显降低，
三维荧光扫描(EEM)结果显示，水中溶解性有机物(DOM)的荧光强度降低了近 70%。 
(4) •OH/ClO2处理高藻水的中试试验。结果显示：藻浓度为 3.50×104 cells/mL 的高
藻水在经过 0.88 mg/L 的•OH 溶液处理 9.8 s 后，水中藻细胞浓度为 0.02×104 cells/mL；
而 ClO2对比处理后剩余藻浓度为 1.37×104 cells/mL。•OH 处理流程终端出水 TOC 含量







































In recent years, eutrophication has affected more and more fresh water lakes. Algae-laden 
water contains a high concentration of algae cells and organisms. In conventional process of 
drinking water treatment, algal blooms may cause negative influence and difficulties for water 
treatment. In order to treat algae-laden water, we must upgrade the progress of drinking water 
treatment. This paper based on national science and technology support program (NO. 
2013BAC06B00), took algae-laden water in Xiamen City water source as the research object 
using the technology of hydroxyl radicals produced by strong ionization discharge. In this work, 
we has constructed a algae-laden water processing system to explore algae-laden water 
treatment condition and complete a comparison experiment of the effect of hydroxyl radicals 
and chlorine dioxide on algae-laden water treatment. The main achievements are as follows: 
(1) A algae-laden water processing system combined the conventional process of drinking 
water treatment and Strong electric field ionization discharge to produce •OH had been 
constructed, which contained a procedure of coagulating sedimentation →  •OH strong 
oxidation treatment → sand filter → •OH sterilization construction. Under the condition of 
strong ionization discharge, O2 are ionized and dissociated by high-energy electrons to form 
highly reactive oxygen species. Then these species were injected into the jet device to form 
•OH. The algae-laden water processing system realized the removal of algae and the kill of 
pathogenic microorganisms, makeing terminal water supply met"drinking water health 
standard" (GB5749-2006), therefore ensured drinking water safety.  
(2) We explored the optimizing pretreatment conditions of the coagulant, confirmation of 
precipitation time and effect of coagulant for algae-laden water. The result showed that the 
removal rate of algae can be up to 88.19% in the coagulation-sedimentation process，when 
Polymeric Aluminum Ferric Chlorine Sulfate (PAFCS) used as coagulant and precipitation 
time was 30.0 minutes. Under the enhanced coagulation conditions, suspended matter was 

















(3) The article focused on algae-laden water of Xiamen Lianban water plant, investigate 
optimal dosage of •OH injected into the raw water, coagulation sedimentation water and sand 
filtration effluent. When the water algae concentration up to 25.3×104 cells/mL, the dominant 
algae is pseudoanabaena. The result showed that: •OH can efficiently kill algae, bacteria and 
other microorganisms. The optimum concentration of raw water, coagulation sedimentation 
water and sand filtration effluent water was 1.8, 0.6 and 0.2 mg/L respectively. Fatality rate 
approached nearly 100%. After •OH treatment, the total organic carbon (TOC) and oxygen 
consumption (CODMn) significantly reduced. And dissolved organic matter (DOM)'s 
fluorescence regional integration (FIR) also had an about 70 percent reduction  
(4) The effect of •OH and ClO2 for algae-laden water treatment was compared in a pilot-
scale experiment. The result showed that after algae-laden water with 3.50×104 cells/mL algae 
concentration was treated by 0.88 mg/L •OH for 9.8 s, all the algal cells were dead. But after 
the treatment of ClO2, the algae concentration was still 1.37×10
4 cells/mL remainded. After 
•OH treatment process, the TOC content in the  water was 1.13 mg/L, while after ClO2 
treatment process, the TOC content was 1.38 mg/L. According to the analysis of water quality 
data in each process section, the results showed that •OH was superior to ClO2 in the oxidation 
and degradation of organic compounds. •OH treatment system terminal effluent was not 
detected algal cells and all the detection indicators met the GB5749-2006 standard. 
In conclusion, the algae-laden water processing system in this paper can efficiently remove 
algae cells, destroy harmful pathogenic microorganisms, oxidate and degradate organic 
compounds without generating harmful disinfection by-products . Therefore it protects the 
health and safety of drinking water and provides a new idea for the emergency treatment of 
water source water in high algae outbreak.  
 













第 1 章  绪 论 
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中 6 万人死于由水污染引起的疾病，例如肝癌和胃癌；有 3 亿人饮用水供给得不
到保障，面临饮用水短缺问题。2009 年一项全国范围内的评估报告中，受调查的







类标准，而无法作为饮用水水源。2014 年中国环境状况公报显示，全国 62 个重
点湖泊和水库中，15 个为 IV 类，4 个为 V 类，5 个为劣 V 类，主要污染指标为
高锰酸盐指数。 
高藻水，即水华爆发后的淡水水体。目前研究人员普遍认同的蓝藻水华是指
水体中叶绿素 a 浓度高于 10.0 μg/L 或者藻浓度超过 1.5×104 cells/mL，并且在水
体表面覆盖一层蓝绿色亦有恶臭的泡沫[4]。在我国，发生水华的蓝藻共计 26 种，





















图 1-1 水华湖面 
Fig. 1-1 Cyanophyceae bloom on lake surface 
1990 年 7 月份，太湖水域梅梁湖爆发水华，湖面被藻类覆盖，大量藻细胞
堆积于梅园水厂取水口，堵塞取水管道，妨害水厂的正常运行，导致无锡市自来
水供给量日减产 50000.0 t，116 家工厂受牵连，被迫减产、甚至停产。造成 1.3
亿元经济损失，同时致死鱼类 45000.0 kg[6]。1999 年，滇池爆发蓝藻水华，藻类
覆盖面积高达 20.0 km2，厚 10.0 cm，水质严重恶化，迫使昆明市第三自来水厂
停产。2007 年 5 月，太湖水域爆发蓝藻水华，无锡市除锡东水厂以外，其余水厂
原水水质均被污染。城区自来水水质不达标，并散发出强烈的腥臭味，导致 300
万市民用水告急[7]。2011 年 8 月，太原汾河流域爆发水华，爆发面积横向 100.0 
m，纵向可达数千米，汾河岸边被大量水藻覆盖，部分河段水域呈现绿色油漆状，
并且有死亡的鱼类和鸟类尸体漂浮在水面。2014 年 8 月湖北武汉南湖爆发蓝藻


































0.5 mg/L 和 0.02 mg/L，就可能爆发水华[4]。随着工业革命的发展，越来越多的氮
磷被排放到开放水域当中，致使我国主要地表水氮磷污染严重，富营养化问题突
出，为藻类的生长提供了绝佳的营养盐条件。汉江下游在 1992、1998、2000 年
的 2~3 月分别爆发了三次硅藻水华。发生水华时水体中氮浓度在 1.126~1.635 
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